Abstract-Frequency offset estimation is an important module in the downlink synchronization process of orthogonal frequency division multiplexing (OFDM) system. Research on frequency synchronization of OFDM, a lowcomplexity and efficient method is proposed to evaluate frequency offset in this paper. In general, maximum likelihood (ML) based on cyclic prefix (CP) and primary synchronization signal (PSS) frequency-domain crosscorrelation algorithm are applied for fractional carrier frequency offset estimation. PSS time-domain crosscorrelation algorithm is used to estimate integral carrier frequency offset. However, for fractional carrier frequency estimation, the performance of ML based on CP degrades in fading channel. The complexity of the other algorithm is high. Also, the conventional integral carrier frequency estimation requires cross-correlation between the received PSS and local PSS or auto-correlation of received PSS, so they also have great complexity. In this paper, relying on the PSS time center-symmetric property, we perform PSS autocorrelation method twice in the time domain. Hence fractional carrier frequency offset is obtained and compensated. Next, relying on the PSS frequency centersymmetric property, we perform energy difference computations to estimate the integral carrier frequency offset, which is equal to the distance between the calculated minimum and the central frequency in frequency domain. Simulation results demonstrate that the proposed algorithm can estimate frequency offset accurately, guarantee the reliance and reduce complexity in comparison with the normal methods.
INTRODUCTION
LTE (Long Term Evolution) is the key technology for the next generation of mobile communication standard. It makes up for the great technology gap between 3G and 4G, and provides a platform for smooth transition from 3G to 4G. Orthogonal Frequency Division Multiplexing (OFDM) is the core technology in LTE downlink, which has high effective spectrum, high peak value rate and is able to resist the channel interference, frequency selective fading and pulse noise [18, 19] . Multiple carrier system of OFDM transfer High-speed serial data streams into parallel code flows at low speed, each of which is transmitted through orthogonal sub-carrier. So the total channel bandwidth is divided into small bandwidths bearing multiple sub-carrier. Thus, broadband transmission is changed into narrowband transmission on multiple sub-carriers. This modulation can effectively combat the frequency selective fading which caused by multipath propagation, but the technology is very sensitive to carrier frequency offset [12, 17] .
Nowadays, the multi-carrier modulation technology OFDM has been adopted by many wireless and wired communication systems. Distinct property of OFDM technology is perpendicular narrow band sub-carrier of frequency domain. Narrow band sub-carriers in the frequency domain prolong transmission period of the time domain, which could resist frequency-selective fading because of multipath effect, degrade inter-symbol interference [15] . In the wireless channel, frequency offset is inevitable in the transmission process because Wireless channel exists time-varying characteristics, for example: doppler frequency shift or frequency deviation between the local oscillators of transmitter and receiver.
In view of the importance of frequency synchronization, many documents have put forward to the corresponding algorithm. The classic fractional frequency offset estimation is maximum likelihood (ML) algorithm based on cyclic prefix (CP) [2, 3] , primary synchronization signal (PSS) time-domain crosscorrelation algorithm [7, 8] . Integral carrier frequency offset estimation has PSS frequency-domain crosscorrelation algorithm and PSS frequency-domain autocorrelation algorithm [10, 11] . ML algorithm based on CP, is mainly according to correlation of CP and the data repeated by CP. However, in multipath channel environment, the CP is corrupted due to time delay of previous symbol, which lead to degrade the algorithm performance. The complexity of PSS time-domain crosscorrelation algorithm is great, and it is time-consuming and not easy to achieve in the concrete implementation. PSS frequency-domain cross-correlation algorithm and the auto-correlation algorithm with PSS frequency good autocorrelation and central symmetry, have good performance but higher complexity.
In this paper, the frequency offset estimation algorithm has been improved. We perform PSS auto-correlation method twice in the time domain. And then fractional carrier frequency offset is obtained and compensated. Next, the integral carrier frequency offset is estimated by the distance between the minimum of energy difference and the central frequency in frequent domain. From the (12) , (14) and (16) , the complexity of computes is reduced largely comparing general algorithm. What's important, simulation results show that the new frequency offset estimation algorithm has a good performance.
II. CARRIER FREQUENCY OFFSET PRINCIPLE
The OFDM signal is transmit N parallel orthogonal carrier in the bandwidth of B band, the number of subcarriers is N, which is expressed as
bandwidth of each sub-carrier is f  , duration time is 1/ f  . The OFDM signal is the superposition of N carriers which is modulated information. Using the orthogonal principle the received signal can be demodulated. [9] In order to analyze the interference among carriers caused by carrier frequency offset, assuming the transmitted data frequency domain is
 
Xp, where
where 1/ Tf  , and it is the time duration of OFDM symbol. p is the number of carrier frequency. n f stands for the pth carrier frequency [13] Due to researching the interference among carriers caused by carrier frequency offset, we can ignore the additive noise in the analysis process. So the signals at the receiver
The main work at the receiver is to demodulate the frequency domain data, the received signal on kth carrier is demodulated as
According to the orthogonality principle formula we could obtain as follows
where (0, 1) kN  is carrier frequency number of received data. When there is carrier frequency offset, supposing the carrier frequency offset is f , then the received signal turn to: 
From (5), we can know that the signal at the carrier n deviates / ff  carrier. Without compensation of the frequency offset, the signals at the receiving end are incorrect [14] .
III. INTEGRAL TIMES FREQUENCY OFFSET ESTIMATION ALGORITHM ANALYSIS
The sequence () dn used for the primary synchronization signal (PSS) is generated from a frequency-domain Zadoff-Chu sequence according to ( 1) 
The Zadoff-Chu root sequence index u is given by Figure 1 .
PSS Time-frequency resource structure
The chart of PSS position in time and frequency domain is shown in the Fig 1. In TD-LTE system, the PSS shall be mapped to the third OFDM symbol in subframes 1 and 6. It is generated by ZC sequence which has very good correlation [6, 7] . In the frequency domain, the autocorrelation performance of PSS is good. It occupies 72 sub-carrier and its frequency position is always in the central of bandwidth allocation, so the position of autocorrelation peak is stationary. On each side of PSS has the guard interval of 5 resource elements which are reserved and not to transmit any signal. Intermediate DC is perforated, and it is DC carrier. [4, 5] The period of PSS is 5ms in the time domain, that is to say, the PSS mapping in frame 1 is the same as frame 6, and the position is fixed.
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A. Fractional Carrier Frequency Offset Estimation Algorithm Analysis
Because sub-carrier spacing 15 f  kHz, the receiver may have a -7.5--7.5 kHz fractional carrier frequency offset. In order to estimate fractional carrier frequency offset, simulation link is needed to build. First, PSS whose length is 62 are generated in frequency domain, and then the frequency domain PSS is transformed into time domain baseband signal. Next cyclic prefix is added. The data flow of a frame is formed. In the end, the carrier frequency offset is added. Fractional carrier frequency offset estimation simulation link is shown in Symmetry of time domain PSS ML algorithm based on CP is described in literature [3] ; this algorithm makes use of the repeatability of CP data segments in an OFDM symbol. The simulation results demonstrate that the algorithm has good performance in AWGN channel environment, but the performance degrades sharply in multipath channel environment. 
And then () xk conducts symmetric correlation operation,  is independent and the fractional carrier frequency offset is obtained [16] . The algorithm firstly conducted a length of N correlation operation, and then does the length of N/2 auto-correlation method. Its complexity is high and it is not easy to achieve. According to the symmetry of PSS in time domain and the good correlation, this paper presents a new algorithm to estimate fractional carrier frequency offset by two-step autocorrelation. The symmetry chart of PSS in time domain is shown in Fig 3 At first step, supposing the timing synchronization point of PSS is k, the received PSS data are  , ( 1) ... 
(1) (2) ... 
Formula (8) shows that PSS Q after auto-correlation is the sum of products whose length is N/2-1. What's more, each exponential term of (8) contains the normalized frequency offset  and the length of PSS data N, so we need the second step to eliminate the N in exponential terms.
At second step, the N/2-1 terms of (8) The fractional carrier frequency offset is obtained as ( ) / 2 angle P   From (9) we could observe that N of the rotation factor has been eliminated, because (10) makes use of complementary symmetry properties of twiddle factor after conjugate related data. Symmetrical data produced secondary multiplication and the factor after adding is N, which make the N of the numerator and the denominator offset.
B. Integral Carrier Frequency Offset Estimation Algorithm Analysis
After compensation the fractional carrier frequency offset, it is need to estimate integral carrier frequency offset. The integral carrier frequency offset makes received signal generate cyclic shift in the frequency domain sub-carrier. Therefore the data will be transformed to the frequency domain by FFT after fractional carrier frequency offset synchronization. Fig. 4 illustrates the procedure of integral carrier frequency offset estimation. PSS has very good correlation in frequency domain. [7] In traditional algorithm the integral carrier frequency offset is estimated by cross-correlation operation in which the peak value is calculated from the correlation between the demodulated received signals and local signals. When the frequency offset does not exist, in other words there is no cyclic shift of demodulated signals in frequency domain; the correlation peak value will appear right in the middle of correlated sequence. When the frequency offset is integral, the correlation peak value will appear at the position n points deviating from the middle of correlated sequence. Therefore, integral carrier frequency offset can be estimated from the distance between the peak value and the center of correlated sequence. 
where N is the length of frequency-domain data.
The position k  can be used for estimating the integral carrier frequency offset, however this traditional algorithm has big amount of calculations for each crosscorrelation needs 63 times complex number multiplication and 63 times complex number addition. [6] The PSS data is symmetrical in the frequency domain, which is shown in Fig 5. A new low complexity integral carrier frequency offset algorithm is proposed based on this property. The integral carrier frequency offset can be estimated by the symmetrical correlation calculation in frequency domain. 
k  is the position of peak value, then the integral carrier frequency offset can be estimated by the distance between the position and the center frequency point. The algorithm only needs 31 times complex number multiplication and 31 times complex number addition, so this algorithm greatly reduces the calculation complexity. In consideration of the symmetry of the PSS signal, the complexity of the algorithm can be future reduced by the operation of energy difference by using the following equation: transforming the complex calculation into normal addition and subtraction, the new algorithm based on energy subtraction is much simpler in calculation compared with the former one based on conjugate correlation and is mainly used for PSS frequency domain data processing. However, the new algorithm may increase the misjudgment probability, when the transmitting terminal transmits the data on the other carriers at the both side of PSS in the same symbol.
IV. SIMULATION AND ANALYSIS
A. Simulation and Analysis
After the analysis between different algorithms as above, we simulate the traditional algorithm and the new algorithm in MATLAB. Assuming 50 RB (resource block), normal CP, 12 carriers in each block, frequency space between each sub-carrier is 15 KHz, point of FFT is 2048. Normalization fractional or integral carrier frequency offset is 0.2 and 1 respectively. Simulation proceeds in Additive White Gaussian Noise channel (AWGN) and Extended Pedestrian A 5Hz (EPA5Hz) scenarios are studied. Fig. 6 and Fig. 7 is the simulation diagram of PSS selfcorrelation method and energy difference method in frequency domain respectively in AWGN, the SNR is 0dB. In the diagram the peak value and the minimum value appear at frequency point 271 simultaneously, i.e.
k
 
in (14) and (16) . The bandwidth in the simulation is10MHz, so we can get the whole frequency point number is 300. The center frequency position of PSS is 50*12/2-30=270.
As a result, the distance between k  point and the center position of PSS is integral frequency offset 1 .It is accordance with specified normalized integral frequency offset. Figure 6 . PSS self-correlation algorithm Fig. 8 and Fig. 9 are the mean square error (MSE) of three kinds of fractional carrier frequency offset estimation algorithm performance comparison chart in different signal-to-noise Ratio (SNR), in AWGN and EPA5Hz channel environment respectively. The simulation shows that the performance of the algorithm in this paper is superior to ML algorithm based on CP under different SNR, but inferior to PSS time-domain crosscorrelation algorithm. However PSS cross-correlation algorithm adopts difference correlation of all sequence, which leads to higher complexity. Hence it is not suitable for practical implementations in mobile communication system. What's important, the performance of the algorithm in this paper could achieve the requirement of TD-LTE system. Three algorithms' performance of fractional frequency offset estimation over AWGN Fig. 10 and Fig. 11 simulate the correct detection probability of three different integral carrier frequency offset estimation algorithm in different channel. The normalized integral carrier frequency offset is 1. Fig. 10 is the simulation result of AWGN. From the simulation results it can be observed that 3 methods all have good performance that correct detecting probabilities almost converge at 1 after -10dB. When using the energy difference algorithm, if the output point k  deviate from the central frequency is too small, misjudgment rate will increase compared with the other two algorithms. But it still meets requirements. Fig. 11 is the simulation result of EPA5Hz. From the diagrams, it can be observed that the performances of energy difference algorithm and the former algorithm have difference. Especial in EPA5Hz channel environment, if using energy difference algorithm, frequency-domain 2224 JOURNAL OF NETWORKS, VOL. 8, NO. 10, OCTOBER 2013 PSS data are greatly influenced by multipath, the error detection probability is higher than the other algorithms. However, when the SNR attains to 5 dB, the performance is basically consistent to the other. Three algorithms' performance of fractional frequency offset estimation over EPA5Hz 
B. Complexity Analysis
We focus on analyzing the complexity of the two last algorithms in this section. As shown in Table 2 , the PSS time-domain cross-correlation algorithm in traditional algorithm should operate correlation calculation N and N/2 times in two steps. N is the length of time-domain PSS sequence. In this paper, two correlation lengths are N/2, N/4 respectively. This algorithm compared with the traditional algorithm computation should be halved, its complexity is low and easy to implement. Integral frequency offset estimation algorithm complexity comparison is shown in Table 3 . The traditional algorithm needs complex multiplication and addition operations. It is obviously the PSS frequencydomain auto-correlation algorithm reduces half in complexity relative to the PSS frequency-domain crosscorrelation algorithm. The energy difference algorithm eliminates the multiplication complex, retaining only the complex addition operation. Additive calculation in the practical implementation process is far superior to the multiplication. However, complexity reduction may decrease performance. When channel environment is good, the algorithm also meets the requirements of the system. M is the length of frequency-domain PSS through FFT transform in different channel bandwidth Here provides a low complexity estimation algorithm for both fractional and integral frequency offset. On the one hand, in AWGN and EPA5Hz channel environment, fractional carrier frequency offset estimation algorithm based on symmetrical correlation whose performance is better than ML algorithm based on CP and a little worse than PSS auto-correlation algorithm, but the disadvantage is not obvious. And after theoretical analysis and simulations, the results show that the proposed algorithm is able to obtain similar performance but obviously decrease the computing complexity. On the other hand, the integral carrier frequency offset with the energy difference algorithm can transform the complex multiplication into addition, so the amount of calculations is reduced largely with little poor performance.
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Considering both performance and complexity, while in a good channel environment, the energy difference algorithm can be used to estimate the frequency offset in order to keep good performance and reduce the calculations simultaneously, and while in a poor channel environment, the energy difference algorithm can be replaced by the PSS auto-correlation algorithm, which retains the complex multiplication, however, it can reduce half of the calculations compared to the PSS crosscorrelation algorithm.
